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The proton vibrational wave functions limited the accessible PCET pathways to those in the inverted region. HammesSchiffer and co-workers have shown that isotope effects in PCET reactions can best be understood by calculating the overlap integrals for proton and deuterium wave functions (8) . The work of Parada et al. suggests that prediction-and analysis-of PCET reactions that occur in the Marcus inverted region require a similarly high level of theory. This finding will likely spark continued studies that combine experiment and theory to pinpoint the molecular properties that impose the appropriate characteristics of the proton vibrational states needed to access the inverted region.
The observation that PCET reactions can access the Marcus inverted region not only confirms that the primary model for understanding these reactions is valid, it also has implications for solar energy technologies. In solar-driven production of fuels, photon absorption induces the formation of reactive charge-separated states. Rapid recombination of these states thwarts fuel production because multiple photons must be sequentially absorbed to drive the multielectron, multiproton transformations of energy-poor feedstocks such as carbon dioxide and water into fuels such as methane and hydrogen. However, if energy-wasting recombination reactions can be slowed down, the system can complete the fuelproducing reactions. Parada et al.'s observation of a PCET reaction accessing the Marcus inverted region suggests that PCET could be used strategically to improve solar energy conversion processes. 
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Architects of neuronal wiring
Synapse formation is steered to neuronal subcompartments by molecular signals By Susanne Falkner and Peter Scheiffele N ervous system function relies on precise connectivity of a multitude of distinct neuronal cell types. Each class of neuron exhibits a characteristic morphology where synaptic connections are patterned across the cell surface. Thus, individual types of neurons establish synapses on specific domains of target neurons, such as the cell body (soma) or a distal branch (dendrite). Moreover, functionally related synapses are often clustered on a dendrite or on one branch of an axon. This compartmentalized organization of synaptic connections affects the integration of synaptic inputs and increases the computational power of neural circuits (1 A single neuron develops an elaborate axonal arbor whose individual branches can form synapses with specific areas on target neurons. Urwyler et al. studied branchspecific synapse formation in a mechanosensory neuron in the fruit fly Drosophila melanogaster. This neuron innervates a large sensory bristle on the dorsal thorax of Drosophila and connects to central downstream targets through three major branches of its axonal arbor. The authors identified an intracellular enzyme called Prl-1 (phosphatase of regenerating liver 1) as a key regulator of branch-specific synaptogenesis (see the figure) . Loss of Prl-1 reduced synapses in only one of the axon branches. Moreover, Prl-1 protein is selectively enriched in the respective axon branch in the wild-type fly. This localization depends on signals in the untranslated regions of mRNA encoding Prl-1. Thus, local action of this phosphatase might be achieved by local translation of its corresponding mRNA.
Local protein synthesis is a well-appreciated mechanism in dendrite morphogenesis and postsynaptic plasticity (4, 5) . Transported mRNAs and local protein synthesis affect the structural complexity of axonal arbors, synaptic protein pools, and functional properties of presynaptic ion channels (6-8). Urwyler et al. suggest a key function for mRNA translation in creating local signaling environments in individual axonal branches. Genetic experiments further demonstrate that Prl-1 locally regulates the amount of the plasma membrane lipid phosphatidylinositol 4,5-bisphosphate (PIP 2 ). PIP 2 in turn affects synapse number through an evolutionarily conserved lipid signaling cascade. Local accumulation of PIP 2 also modifies cytoskeletal dynamics as well as ion channel activity (9) . Together, these mechanisms are likely fundamental to the branch-specific definition of the presynaptic compartment by Prl-1.
These discoveries raise questions about the specification and spatial restriction of Prl-1 mRNA transport and translation. Both could be controlled by RNA binding proteindependent mechanisms. For example, translation of a vertebrate homolog of Prl-1 (Prl-3) is repressed by RNA binding proteins (10) . It would be interesting to determine whether Drosophila Prl-1 undergoes a similar mode of regulation. RNA binding proteins could target repressed Prl-1-encoding mRNA to the desired axon compartment, where a signal might initiate mRNA translation on demand. Consequently, this could promote the local, branch-specific elaboration of synaptic terminals. It remains to be tested whether all Prl-1-dependent synapses transmit functionally equivalent information onto their postsynaptic targets. In other words, is there a common circuit logic for synapses controlled by the same molecular program? Because Prl-1 is required for only a fraction of synapses in the Drosophila mechanosensory neuron, it stands to reason that additional molecular regulators are required to concertedly govern the full synaptic complement of this single cell.
In a related study, Favuzzi et al. focused on three main classes of cortical neurons in the mouse brain that generate g-aminobutyric acid (GABA), an inhibitory neurotransmitter. These GABAergic neurons form distinct compartmentalized synaptic connections onto the cell soma, the distal dendrites, or the axon initial segment, respectively, of pyramidal neurons. The authors compared transcriptional profiles of the three types of
GABAergic neurons during the prime period of initial synaptogenesis. These profiles differed from those of mature GABAergic neurons (11) , highlighting the importance of the developmental approach. A substantial number of subclassspecific transcripts encode proteins related to synaptic processes and/or synaptogenesis. Favuzzi et al. identified cerebellin 4 (Cbln4), leucine-rich glioma inactivated 2 (Lgi2), and fibroblast growth factor 13 (Fgf13) as selectively expressed in developing somatostatin-positive cells, parvalbumin-positive basket cells, and chandelier cells, respectively (all GABAergic). Genetic manipulations supported functions for each protein in regulating the number of synapses formed on the respective synaptic domains.
Cbln4 is most enriched in somatostatinexpressing GABAergic interneurons during the time of initial synapse formation. It belongs to the cerebellin family of small secreted proteins that organize transsynaptic complexes between postsynaptic receptors and presynaptic cell surface neurexin proteins (12, 13) . Overexpression of Cbln4 in parvalbumin-positive GABAergic neurons increased synaptic targeting to the dendritic compartment of pyramidal neurons. This suggests that a single factor can modify the wiring pattern of parvalbumin interneurons to include synapse locations that are otherwise characteristic for somatostatin-positive neurons.
Favuzzi et al. propose that synapse compartmentalization is governed by a chemoaffinity code. Accordingly, the molecular repertoire of individual neuron classes would result in largely nonoverlapping molecular recognition profiles between cell types that instruct wiring specificity. During development, such recognition systems most likely work in concert with a multitude of intersecting regulatory mechanisms, including spatiotemporal regulation of connectivity pattern formation (14) , local posttranscriptional regulation, and network activity driven by intrinsic or external sensory stimuli (15) .
The studies of Urwyler et al. and Favuzzi et al. point toward the idea that transsynaptic and intracellular organizers work in concert to achieve reproducible synapse compartmentalization. Deciphering the extent to which different neuronal circuits leverage these fundamentally different but likely complementary strategies remains a major challenge for the future. j
